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(57) ABSTRACT

An anti-reflection microstructure including: convex portions
arranged at a pitch shorter than a wavelength of visible light,
cach of the convex portions having a conic shape defined by
an apex, a lateral surface, and a base, wherein an intersecting
line between the lateral surface and a plane which passes
through the apex and 1s perpendicular to the base, 1s equiva-
lent to a curve expressed by an nth-order linear formula 1n

which 1<n=3.
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ANTI-REFLECTION MICROSTRUCTURE,

ANTI-REFLECTION MOLD BODY, AND
METHOD OF MANUFACTURING THE SAME

BACKGROUND OF THE

INVENTION

1. Field of the Invention

The present mnvention relates to an anti-reflection micro-
structure having a function for preventing light reflection, to
an anti-reflection mold body which 1ncludes the anti-retlec-
tion microstructure and 1s suitable for applications as a non-
reflective panel for various meters, display devices, etc. to be
installed 1n a vehicle such as an automobile, a ship, or an
airplane, and further to a method of manufacturing the anti-
reflection mold body.

2. Description of the Related Art

When outside light or room 1llumination 1s projected on a
screen of a display device such as a liquid crystal display or a
CRT display, for example, on a household television screen,
visibility of screen images 1s substantially deteriorated.

In an automobile, a display unit accommodating a variety
of indicators such as a speedometer or a fuel gauge 1s pro-
vided 1n front of a driver’s seat. The display unit has a meter
front cover fitted to the front thereof. If outside scenes are
projected onto the meter front cover through a front wind-
shield or a side windshield, 1t becomes hard to read the 1ndi-
cators on the display unit. Usually, a meter hood 1s provided
above the meter front cover so as to prevent the projection of
outside light onto the cover.

As a typical anti-reflection mold body for preventing the
light retlection as described above, a multilayer anti-retlec-

tion film made of multiple thin films with mutually different
refractive indices 1s concelved.

Moreover, Japanese Patent Application Laid-open Publi-
cation No. 2002-267815 discloses an anti-reflection mold
body including a microstructure which has lower reflection
rate than such a multilayer anti-retlection film.

This anti-reflection mold body 1s a transparent formed
product having on a surface thereol numerous fine convex
portions to change refractive index continuously 1n the thick-
ness direction thereof. The convex portions are made of a
transparent material and formed at a pitch of not exceeding a
wavelength of light.

Specifically, the anti-reflection mold body has on the sur-
face thereof a layer of numerous fine convex portions in wave
shapes or triangular shapes. Since percentage of the transpar-
ent material of the fine convex portions 1s infinitely close to
0% at the outermost region of the asperity layer, the refractive
index therein 1s virtually equal to a refractive imndex of air
(1.0). Meanwhile, since percentage of air 1s infinitely close to
0% at the innermost region of the asperity layer, the refractive
index therein i1s virtually equal to a refractive index of the
transparent material. Moreover, 1n an intermediate region of
the asperity layer, the refractive index varies within a range
from the refractive index of air to the refractive index of the
transparent material depending on the percentage of the trans-
parent material or the air at the region.

The anti-retlection mold body thus has the refractive index
changing continuously in the thickness direction thereof,
which provides the mold body with a superior anti-reflection
function to the multilayer anti-reflection film which 1s formed
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of stacked thin films having different refractive indices and
has the refractive index changing stepwise 1n the thickness
direction thereof.

SUMMARY OF THE INVENTION

However, the fine convex portions in the above-described
anti-reflection mold body are typically formed into wave,
triangular or trapezoidal shapes. Accordingly, the refractive
index of the mold body changes drastically in the thickness
direction. As a consequence, this anti-retlection mold body
fails 1n achieving a suilicient anti-reflection effect.

An object of the present invention 1s to provide an anti-
reflection microstructure having a superior anti-reflection
function, an anti-reflection mold body including the micro-
structure, a manufacturing method thereof, and more specifi-
cally to provide an automobile component such as a meter
front cover or a windshield which includes the anti-retlection
microstructure.

An aspect of the present invention i1s an anti-reflection
microstructure comprising: convex portions arranged at a
pitch shorter than a wavelength of visible light, each of the
convex portions having a conic shape defined by an apex, a
lateral surface, and a base, wherein an intersecting line
between the lateral surface and a plane which passes through
the apex and 1s perpendicular to the base, 1s equivalent to a
curve expressed by an nth-order linear formula 1 which
1 <n=3.

Another aspect of the present mvention 1s a method of
manufacturing an anti-reflection mold body comprising: pro-
viding an inverse shape of an anti-reflection microstructure
on a surface of a die, the anti-reflection microstructure com-
prising numerous convex portions arranged at a pitch shorter
than a wavelength ol visible light, each of the convex portions
having a conic shape defined by an apex, a lateral surface, and
a base, wherein an intersecting line between the lateral sur-
face and a plane which passes through the apex and 1s per-
pendicular to the base, 1s equivalent to a curve expressed by an
nth-order linear formula in which 1<n=3; and pressing the
die against a base material while heating at least any ofthe die
and the base material.

Still another aspect of the present invention 1s a method of
manufacturing an anti-reflection mold body comprising: pro-
viding an inverse shape of an anti-reflection microstructure
on a surface of a die, the anti-reflection microstructure com-
prising numerous convex portions arranged at a pitch shorter
than a wavelength ol visible light, each of the convex portions
having a conic shape defined by an apex, a lateral surface, and
a base, wherein an intersecting line between the lateral sur-
face and a plane which passes through the apex and 1s per-
pendicular to the base, 1s equivalent to a curve expressed by an
nth-order linear formula 1n which 1<n=3; and irradiating an
active energy ray while interposing active energy ray setting
resin between the die and a base material.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described with reference to the
accompanying drawings wherein:

FIG. 1A 1s a view showing an example of an anti-reflection
mold body according to the present invention.

FIG. 1B 1s a view showing another example of the anti-
reflection mold body according to the present invention.

FIG. 2A 1s a view showing a convex portion 1n the anti-

reflection mold body according to the present invention hav-
ing a side geometry expressed by an nth-order linear formula

X=(D/2)x{1-(Z/HY").
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FIG. 2B 1s a view showing another convex portion in the
anti-reflection mold body according to the present invention
having a side geometry expressed by an nth-order linear for-
mula Z=H-{H/(D/2)" } xX".

FIG. 3 1s a graph showing a relationship between an order
n and average retlection rate 1n a case where the side geometry
ol the convex portion 1n the anti-retlection mold body accord-
ing to the present invention 1s expressed by an nth-order linear
formula.

FIGS. 4A to 4C are schematic diagrams showing a varia-
tion of the side geometry relative to a change 1n the order n in
a case where the side geometry of the convex portion 1s
expressed by one of the nth-order linear formulae.

FIG. 5 1s a table showing measurement results of reflection
rate of examples of the anti-reflection mold body according to
the present invention and comparative examples.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An anti-reflection microstructure M of the present inven-
tion includes numerous convex portions P which are arranged
at a shorter pitch than a wavelength of visible light. Each of
the convex portions P has a conic shape which 1s defined by an
apeX, a lateral surface, and a base. The base 1s formed nto a
polygon or a substantially circular shape.

An intersecting line between the lateral surface and a plane
passing through the apex of the convex portion P and being
perpendicular to the base, 1.¢. aridge line of the lateral surface
along a vertical cross section of the convex portion P (a cross
section perpendicular to the base) passing through the apex of
the convex portion P, which 1s ranging from the apex to a point
on the perimeter ol the base, 1s equivalent to a curve expressed
by an nth-order linear formula (1n which 1<n=3).

As shown in FIG. 2A and FIG. 2B, the plane passing
through the apex of the convex portion P and being perpen-
dicular to the base provides a coordinate system 1n which an
ax1s passing through the apex and being perpendicular to the
base 1s defined as a 7 axis, and 1n which an axis orthogonal to
the Z axis at an intersecting point between the Z axis and the
base 1s defined as an X axis. In other words, the base 1s
provided on the X axis while the apex 1s provided on the Z
ax1s on the vertical cross section which 1s passing through the
apex of the convex portion P. The intersecting line 1is
expressed by one of the following nth-order linear formulae

(1) and (2):

X=(D/2)x{1-(Z/HY"} (1)

(2)

In this respect, H denotes a distance between the apex and
the base, namely, a height of each convex portion P. Mean-
while, D denotes a diameter of a circle which adopts a dis-
tance between the point on the perimeter of the base and the
/. axis as a radius. If the convex portion P 1s formed 1nto a right
circular conic shape, then D coincides with the diameter of
the circle constituting the base.

In a case where the base of the convex portion P 1s formed
into a polygon, D coincides with a diameter of a circum-
scribed circle of the polygon constituting the base on the
vertical cross section containing one of vertexes of the poly-
gon. Moreover, the ridge line of the lateral surface of the
convex portion P along the vertical cross section coincides
with an edge line that lies between the apex of the convex
portion P and one of the vertexes of the base.

Note that, 1t 1s also possible to correct the linear formulae
(1) or (2) by adding an appropriate constant term depending
of a position of the apex or the like.

Z=H-{H/(D2)" }xX"
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FIG. 3 shows a relationship between the order n in the
linear formula for defining the side geometry of the convex
portion P and the average reflection rate in a wavelength range
from 380 nm to 780 nm, for a polymethylmethacrylate base
material 2 formed on both surfaces thereof with the convex
portion P having the height H=750 nm and the diameter of the
circle of the base D=250 nm (H/D=3). As 1t 1s apparent {from
FIG. 3, the average reflection rate drops 1in a range of the order
n greater than 1 and equal to or below 3, and marks the
minimum value when the order n 1s approximately equal to
1.5. It 1s confirmed that the order n indicating the minimum
value shifts to a lower value as an aspect ratio (H/D) of the
convex portion 1s reduced.

Note that, the convex portion P having the side geometry 1n
accordance with the linear formula (1) has a pointed apex as
shown 1n FIG. 2A, therefore this convex portion P has a fine
mold-releasability 1n molding the mold body. On the other
hand, the convex portion P having the side geometry in accor-
dance with the linear formula (2) has arounded apex as shown
in FI1G. 2B, therefore this convex portion P 1s suitable for an
application where a higher scratch resistance 1s required.

FIGS. 4A to 4C schematically show a varniation of the side
geometry 1n response to a change in the order n when the side
geometry of the convex portion P 1s expressed by one of the
above-described nth-order linear formulae. When the order n
exceeds 1, the lateral surface of the convex portion P bulges
out as shown 1n FIG. 4A, whereby each shape of the projec-
tion P 1s formed 1nto a bell shape. Although the above-men-
tioned effect of the present invention 1s available when the
order n 1s 1n the range 1<n=3 as described previously, 1t 1s
particularly preferable to set the value of the ordern in arange
from 1.1 to 2.5. It 1s more preferable to set the value of the
order n 1n a range from 1.2 to 2.

Incidentally, when the order n 1s equal to 1, the convex
portion P 1s formed into a circular cone or a pyramid cone as
shown in FI1G. 4B. The contour shape of the side surface along
the vertical cross section 1s expressed as straight lines.

Moreover, when the order n 1s smaller than 1, the lateral
surface ol the projection 1s formed 1nto a concave shape which
1s dented inward 1n the diameter direction, as shown in FIG.
4C.

Note that, the “cone” originally means a shape/form that
includes a locus of all line segments connecting between an
apex and points on the perimeter of a base as a lateral surface.
In other words, the “cone” originally means a pyramid cone
having flat lateral surfaces or a circular cone having generat-
ing lines. Meanwhile, 1n the present invention, the “convex
portion” means a shape/form 1n which a lateral surface has the
contour shape as shown 1n FIG. 4A along the vertical cross
section. To be more precise, when the base 1s formed as a
polygon, the lateral surface of the convex portion defines a
two-dimensional curved surface. Meanwhile, when the base
1s formed as a circle or an ellipse, the lateral surface of the
convex portion defines a three-dimensional curved surface.

Here, the shape of the base of the convex portion 1s not
particularly limited. In this context, it 1s possible to adopt
polygons, a circle, an ellipse, an ovoid, and so forth as the
shape of the base. Typically, it 1s preferable to adopt an 1s0-
tropic surface, or to adopt any of an equilateral triangle, a
square or a regular hexagon when considering arrangement of
the convex portions on a flat surface without providing gaps
between the projections.

Note that, in a case where the convex portion P 1s formed
into a right circular cone, the cross-sectional shape of the
projection P becomes constant, and the contour shape of the
lateral surface also becomes constant irrespective of the
direction of vertical cross section. In contrast, in a case where
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the convex portion P 1s formed 1nto a right polygonal pyramid
cone and where the base 1s a polygon, the cross-sectional
shape of the projection P becomes different and the contour
shape of the lateral surface also becomes different depending
on the direction of the vertical cross section. In the case of the
convex portion P having the right polygonal pyramid shape,
the order n in the linear formula expressing the side geometry
1s only needed to satisty the value within the above-described
range on at least one vertical cross section.

A ratio H/D between the height H of the convex portion P
and the diameter D of the circle of the base 1s set preferably 1n
arange from 1 to 3 inclusive. The reasons are as follows. It the
ratio H/D 1s below 1, the anti-reflection effect 1s substantially
deteriorated. In contrast, 1f the ratio H/D exceeds 3, there 1s
very little change 1n the anti-reflection effect no matter how
much the ratio H/D 1s increased.

Meanwhile, the diameter D of the circle of the base 1is
preferably set greater than 50 nm but less than 380 nm. The
reasons are as follows. From industrial point of view 1t 1s
extremely difficult to obtain a microstructure having the
diameter D equal to or below 50 nm. On the other hand, the
anti-reflection effect 1s not obtained 1f the diameter D 1s set
equal to or above 380 nm that 1s equivalent to the shortest
wavelength 1n the visible light range.

An anti-retlection mold body 1a, 15 can be obtained by
forming the anti-reflection microstructure M of the present
invention, typically on one surface or preferably on both
surfaces of a transparent base material 2 as shown 1n FIG. 1A
or 1B. By providing the anti-reflection mold body 1a, 15 to
panels of various display devices and to transparent panels
such as show windows or display cases, it 1s possible to
prevent reflection of outside light or room illumination and
thereby to improve visibility of images, display articles, and
exhibits 1nside.

Moreover, similar anti-retlection effects can be obtained by
providing the anti-reflection mold body 1a, 15 to various
vehicle components as represented by automobiles such as
window glass, roof glass, meter front covers, head lamps, rear
finishers or films used for screens of display devices such as
liquad crystal display devices.

The anti-reflection mold body 15 has the anti-reflection
microstructure M on one of surfaces of a base material 2
thereot and has a multilayer reflective film 3 on the other
surface thereotf as shown i FIG. 1B. Although the anti-
reflection mold body 15 formed as described above has a
slightly poorer anti-reflection function than the anti-reflection
mold body 1a having the anti-reflection microstructures M on
both surfaces thereof, 1t 1s possible to prevent scratches on the
anti-reflection microstructure M by placing the multilayer
anti-reflection film 3 on outer side.

An apparatus for manufacturing the anti-reflection mold
body 1a, 15 of the present invention has a die provided on a
die surface thereot with an inverse shape of the anti-retlection
microstructure M of the present invention having the numer-
ous fine convex portions P, and presses the die and a base
material 2 together while heating one or both of the die and
the base material 2, thereby forming the microstructure M on
the surface of the base material 2. Alternatively, the anti-
reflection mold body 1a, 16 may be manufactured by 1rradi-
ating an active energy ray while interposing active energy ray
setting resin between the die and the base material 2 to cure
the resin, and thereby forming the microstructure M on the
surface of the base material 2.

Typically, the base material 2 1s preferably made of a mate-
rial having transparency. For example, 1t 1s possible to use
thermoplastic resins such as polymethylmethacrylate, poly-
methylacrylate, polyethylene, polypropylene, polyvinyl
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alcohol, polyvinylidene chloride, polyethylene terephthalate,
polyvinyl chloride, polystyrene, acrylomtrile butadiene sty-
rene (ABS) resin, acrylonitrile styrene (AS) resin, acrylic
resin, polyamide, polyacetal, polybutylene terephthalate,
glass fiber reinforced polyethylene terephthalate, polycar-
bonate, modified polyphenylene ether, polyphenylene sul-
fide, polyetheretherketone, liquid crystal polymers, fluo-
roresin, polyarylate, polysulione, polyethersulione,
polyamideimide, polyetherimide or thermoplastic polyimide,
thermosetting resins such as phenol resin, melamine resin,
urea resin, epoxy resin, unsaturated polyester resin, alkyd
resin, silicone resin, diallyl phthalate resin, polyamidebisma-
leimide or polybisamidetriazole, and a material prepared by
blending two or more resins cited above.

Meanwhile, the active energy ray setting resin which starts
polymerization for curing upon 1rradiation of ultraviolet rays
or the like may include ultraviolet ray setting acrylurethane
resin, ultraviolet ray setting polymethylmethacrylate, ultra-
violet ray setting polymethylacrylate, ultraviolet ray setting,
polyesteracrylate resin, ultraviolet ray setting epoxyacrylate
resin, ultraviolet ray setting polyolacrylate resin, and ultra-
violet ray setting epoxy resin. Here, it 1s also possible to use
a polymerization 1nitiator for generating radicals by 1rradiat-
ing the active energy ray, and to add a curing agent such as
1socyanate to enhance curing when appropriate.

Note that, the active energy ray used herein may generally
include, but without limitation to, ultraviolet rays, X-rays,
clectron beams, electromagnetic waves, and the like.

Meanwhile, 1norganic transparent materials such as
glasses can also be used as the base material 2. In this case, the
microstructure M 1s formed on a surface of the base material
2 by cutting the glass surface with an electron beam or by
pouring a melted 1norganic transparent material into a mold
having an 1nverse shape of the anti-reflection microstructure
M of the present invention. It 1s also possible to form the
microstructure M on both surfaces of the base matenal 2 by
pouring the melted 1morganic transparent material mto the
mold and then pressing a die having the same inverse shape of
the anti-reflection microstructure M against the base material
2 before it cools down.

As described above, 1n the anti-reflection microstructure M
of the present mvention, the side geometry of the convex
portion P was formed into the shape 1n which the intersecting
line between the lateral surface and the plane passing through
the apex of the convex portion P and being perpendicular to
the base, 1.¢. the ridge line of the lateral surface 1n a vertical
cross section of the convex portion P passing through the apex
of the convex portion P, which was ranging from the apex to
a point on the perimeter of the base, was expressed by the
nth-order linear formula (in which 1<n=3). Accordingly,
geometrical occupancy/existence ratio of the base material 2
of the microstructure M (percentage of the cross-sectional
areas ol the convex portions P 1n a cross section perpendicular
to the thickness direction of the microstructure M) changes
smoothly and linearly 1n the thickness direction of the micro-
structure M, specifically 1n the direction from the outermost
layer (the region where the apexes of the respective convex
portions P are located) to the mnermost layer (the region
where the bottom portions of the respective convex portions P
are located). Thus, the refractive index of the microstructure
M determined from the geometrical occupancy/existence
ratio of the material thereof also changes smoothly and lin-
carly in the thickness direction within the range from the
refractive mndex of air (1.0) to the refractive index of the base
material 2. Therefore, the incident light on the microstructure
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M goes straight therethrough with very little diffraction or
reflection. Eventually, the light reflection rate on the incident
surface 1s elffectively reduced.

Moreover, since the anti-retlection mold body 1a, 15 of the
present invention has the anti-reflection microstructure M on
the surface of the base material 2 thereolf, the light reflection
therefrom 1s suppressed to an extremely low level. The anti-
reflection mold body 1a, 15 can be provided to various com-
ponents ol automobiles and the like, such as a meter front
cover, and prevents the reflection of the projected image of
outside scenes and the like, thereby realizing a hoodless meter
without a meter hood.

Now, concrete examples to which the present invention 1s
applied will be described below. Note that, in the following
examples, the edge line of the convex portion 1s taken as a
representative of the side geometry of the convex portion P.

EXAMPLE 1

A die was fabricated by use of a commercially available
clectron beam lithography system. This die was heated up to
150° C., and then pressed against both surfaces of a polym-
cthylmethacrylate base matenal at a pressure of 10 MPa for 1
hour. Thereatter, the base material was cooled down to 70° C.
or below. In this way, an anti-reflection mold body was fab-
ricated, provided with anti-reflection microstructures M
where the fine convex portions P are arranged in a hexagonal
close-packed structure. The convex portion P had a square
base, a diameter D of a circumscribed circle thereof equal to
250 nm, and a height H equal to 500 nm (H/D=2). An edge
line shape thereotf was expressed by the 1.2th order linear
formula (1).

The anti-retlection mold body thus obtained was subjected
to measurement ol average reflection rate at a light incident
angle of 0 degrees and 1n a wavelength range from 380 to 780
nm by use of a multi-angle spectrophotometer (made by
Otsuka Electronics, Co., Ltd.). The average retlection rate
was equal to 0.08%.

EXAMPLE 2

By repeating the same operations as Example 1, another
die was fabricated by use of the same electron beam lithog-
raphy system. Using the die, an anti-retlection mold body was
tabricated, provided with anti-reflection microstructures M 1n
which the fine convex portions P are arranged in a hexagonal
close-packed structure, on both surfaces of the polymethyl-
methacrylate base material. The convex portion P had a
square base, a diameter D of a circumscribed circle thereof
equal to 250 nm, and a height H equal to 750 nm (H/D=3). An
edge line shape thereof was expressed by the 1.5th order
linear formula (1).

The anti-retlection mold body thus obtained was subjected
to measurement of average retlection rate at the light incident
angle of 0 degrees and 1n the wavelength range from 380 nm
to 780 nm by use of the same multi-angle spectrophotometer.
The average retlection rate was equal to 0.06%.

EXAMPLE 3

By repeating the same operations as Example 1, another
die was fabricated by use of the same electron beam lithog-
raphy system. Using the die, an anti-retlection mold body was
tabricated, provided with anti-reflection microstructures M
where the fine convex portions P are arranged in a hexagonal
close-packed structure on both surfaces of the polymethyl-
methacrylate base material. The convex portion P had a
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8

square base, a diameter D of a circumscribed circle thereof
equal to 300 nm, and a height H equal to 300 nm (H/D=1). An
edge line shape thereof was expressed by the second order
linear formula (1).

The anti-retlection mold body thus obtained was subjected
to measurement ol average retlection rate at the light incident
angle of 0 degrees and 1n the wavelength range from 380 nm
to 780 nm by use of the same multi-angle spectrophotometer.
The average reflection rate was equal to 0.51%.

EXAMPLE 4

By repeating the same operations as Example 1, another
die was fabricated by use of the same electron beam lithog-
raphy system. Using the die, an anti-retlection mold body was
fabricated, provided with anti-reflection microstructures M
where the fine convex portions P are arranged 1n a hexagonal
close-packed structure on both surfaces of the polymethyl-
methacrylate base material. The convex portion P had a
square base, a diameter D of a circumscribed circle thereof
equal to 250 nm, and a height H equal to 500 nm (H/D=2). An
edge line shape thereof was expressed by the third order linear
formula (1).

The anti-reflection mold body thus obtained was subjected
to measurement of average retlection rate at the light incident
angle of 0 degrees and 1n the wavelength range from 380 nm
to 780 nm by use of the same multi-angle spectrophotometer.
The average reflection rate was equal to 0.57%.

EXAMPLE 5

The die fabricated 1n Example 2 was used herein. ultravio-
let ray setting resin was mterposed between the die and a base
material, and ultraviolet rays were 1rradiated thereon. In this
way, an anti-reflection microstructure M where the fine con-
vex portions P having the same geometry as that in Example
2 are arranged 1n a hexagonal close-packed structure, was
formed on a rear surface of the polymethylmethacrylate sub-
strate material. Subsequently, a multilayer anti-retlection film
3 consisting of seven layers was formed on the front surface of
the base material by sequentially vapor-depositing a first
layer having a film thickness of 181.9 nm and a refractive
index of 1.38, a second layer having a film thickness of 12.8
nm and a refractive index of 2.5, a third layer having a film
thickness of 34.9 nm and a refractive index of 1.45, a fourth
layer having a film thickness o1 37.4 nm and a refractive index
of 2.5, a fifth layer having a film thickness of 22.3 nm and a
refractive index of 1.435, a sixth layer having a film thickness
of 28.6 nm and a refractive index of 2.5, and a seventh layer
having a film thickness of 97.1 nm and a refractive index of
1.38 1n the order of closeness to the base matenial.

The anti-retlection mold body thus obtained was subjected
to measurement of average retlection rate at the light incident
angle of O degrees and 1n the wavelength range from 380 nm
to 780 nm by use of the same multi-angle spectrophotometer.
The average retlection rate was equal to 0.77%.

EXAMPLE 6

The die fabricated 1n Example 2 was used herein. By
repeating the same operations as Example 2, an anti-reflec-
tion microstructure M was fabricated, provided with the fine
convex portions P having the same geometry as that in
Example 2 arranged 1n a hexagonal close-packed structure on
both surfaces of the polymethylmethacrylate base material.
Subsequently, circular dents each having a diameter of 2 um

and a depth of 1 um were formed at random only on the front
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surface of the base material so as to adjust the area occupancy
on the relevant surface of the dents equal to 2%.

The anti-retlection mold body thus obtained was subjected
to measurement of average retlection rate at the light incident
angle of 0 degrees and in the wavelength range from 380 nm
to 780 nm by use of the same multi-angle spectrophotometer.
The average reflection rate was equal to 0.05%.

EXAMPLE 7

By repeating the same operations as Example 1, another
die was fabricated by use of the same electron beam lithog-
raphy system. Using the die, an anti-retlection mold body was
tabricated, provided with anti-reflection microstructures M
where the fine convex portions P are arranged in a hexagonal
close-packed structure on both surfaces of the polymethyl-
methacrylate base material. The convex portion P had a
square base, a diameter D of a circumscribed circle thereof
equal to 250 nm, and a height H equal to 750 nm (H/D=3). An
edge line shape thereof was expressed by the second order
linear formula (2).

The anti-reflection mold body thus obtained was subjected
to measurement of average retlection rate at the light incident
angle of 0 degrees and 1n the wavelength range from 380 nm
to 780 nm by use of the same multi-angle spectrophotometer.
The average reflection rate was equal to 0.03%.

EXAMPLE 8

Another die was fabricated by use of the same electron
beam lithography system as Example 1. By repeating the
same operations as Example 1 except for changing the die
heating temperature to 170° C., an anti-reflection mold body
was fabricated, provided with anti-reflection microstructures
M where the fine convex portions P are arranged 1n a hexago-
nal close-packed structure on both surfaces of the polymeth-
ylmethacrylate base material. The convex portion P had a
circular base, a diameter D of the base equal to 250 nm, and a
height H equal to 500 nm (H/D=2). An edge line shape thereof
was expressed by the 1.5th order linear formula (2).

The anti-reflection mold body thus obtained was subjected
to measurement of average retlection rate at the light incident
angle of 0 degrees and 1n the wavelength range from 380 nm
to 780 nm by use of the same multi-angle spectrophotometer.
The average retlection rate was equal to 0.18%.

EXAMPLE 9

Another die was fabricated by use of the same electron
beam lithography system as Example 1. By repeating the
same operations as Example 1 except for changing the die
heating temperature to 170° C., an anti-retlection mold body
was fabricated, provided with anti-reflection microstructures
M where the fine convex portions P are arranged 1n a hexago-
nal close-packed structure on both surfaces of the polymeth-
ylmethacrylate base material. The convex portion P had a
circular base, a diameter D of the base equal to 250 nm, and a
height H equal to 500 nm (H/D=2). An edge line shape thereof
was expressed by the 2.5th order linear formula (2).

The anti-retlection mold body thus obtained was subjected
to measurement of average retlection rate at the light incident
angle of 0 degrees and in the wavelength range from 380 nm
to 780 nm by use of the same multi-angle spectrophotometer.
The average retlection rate was equal to 0.39%.

COMPARAITIVE EXAMPLE 1

By repeating the same operations as Example 1, another
die was fabricated by use of the same electron beam lithog-
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raphy system. Using the die, an anti-reflection mold body was
tabricated, provided with anti-reflection microstructures
where the fine convex portions P are arranged in a hexagonal
close-packed structure on both surfaces of the polymethyl-
methacrylate base material. The convex portion P had a
square base, a diameter D of a circumscribed circle thereof
equal to 250 nm, and a height H equal to 500 nm (H/D=2). An
edge line shape thereof was expressed by the 0.4th order
linear formula (1).

The anti-reflection mold body thus obtained was subjected
to measurement of average retlection rate at the light incident
angle of 0 degrees and 1n the wavelength range from 380 nm
to 780 nm by use of the same multi-angle spectrophotometer.
The average reflection rate was equal to 1.20%.

COMPARAIIVE EXAMPLE 2

By repeating the same operations as Example 1, another
die was fabricated by use of the same electron beam lithog-
raphy system. Using the die, an anti-reflection mold body was
fabricated, provided with anti-reflection microstructures
where the fine convex portions P are arranged in a hexagonal
close-packed structure on both surfaces of the polymethyl-
methacrylate base material. The convex portion P had a
square base, a diameter D of a circumscribed circle thereof
equal to 300 nm, and a height H equal to 150 nm (H/D=0.5).
An edge line shape thereof was expressed by the first order
linear formula (1).

The anti-reflection mold body thus obtained was subjected
to measurement of average retlection rate at the light incident
angle of O degrees and 1n the wavelength range from 380 nm
to 780 nm by use of the same multi-angle spectrophotometer.
The average reflection rate was equal to 2.30%.

COMPARAITIVE EXAMPLE 3

Multilayer anti-reflection films 3, each having the same

configuration as the seven layer anti-retlection film 3 of
Example 5, which was formed on the front surface in

Example 5, were formed on both surfaces of a polymethyl-
methacrylate base material.

An anti-reflection mold body provided with the obtained
multilayer anti-reflection films 3 was subjected to measure-
ment of average reflection rate at the light incident angle o1 O
degrees and 1n the wavelength range from 380 nm to 780 nm
by use of the same multi-angle spectrophotometer. The aver-
age retlection rate was equal to 3.51%.

COMPARAITIVE EXAMPLE 4

By repeating the same operations as Example 1, another
die was fabricated by use of the same electron beam lithog-
raphy system. Using the die, an anti-reflection mold body was
tabricated, provided with anti-reflection microstructures
where the fine convex portions P are arranged 1n a hexagonal
close-packed structure on both surfaces of the polymethyl-
methacrylate base material. The convex portion P had a
square base, a diameter D of a circumscribed circle thereof
equal to 400 nm, and a height H equal to 800 nm (H/D=2). An
edge line shape thereof was expressed by the first order linear
formula (1).

The anti-retlection mold body thus obtained was subjected
to measurement ol average retlection rate at the light incident
angle of 0 degrees and 1n the wavelength range from 380 nm
to 780 nm by use of the same multi-angle spectrophotometer.
The average reflection rate was equal to 1.6%.
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Table 1 collectively shows the above results together with
the other data of the anti-reflection microstructures.

It was confirmed that the average retlection rate was dras-
tically reduced 1n the cases of anti-reflection mold bodies of
Examples 1 to 9 provided with the anti-reflection microstruc-
tures having the above-described dimensions and shapes, in
comparison with those of Comparative Example 1 which
provided the low order to the linear formula representing the
edge line shape, Comparative Example 2 which provided the
low H/D ratio, Comparative Example 3 including the multi-
layer anti-reflection films 3 on both surfaces, and Compara-
tive Example 4 1n which the diameter D of the circle circum-
scribed to the base of the convex portion was greater than the
shortest wavelength of the visible light.

Note that, although the average retlection rate in the wave-
length range from 380 nm to 780 nm was equal to 1.6%, in the
case of the mold body of Comparative Example 4 where the
convex portions were arranged at a pitch of 400 nm between
the apexes which was longer than the shortest wavelength of
the visible light, 1t was confirmed that there was a tendency, in
particular, of an increase in reflection rate of the shortwave
light.

Note that, 1t 1s to be understood that the above-described
examples merely represent typical examples, and that the
present invention 1s not limited only to these examples. The
above description 1s based on the assumption that the shape of
the convex portion 1s the right cone 1n which the foot of the
perpendicular drawn from the apex to the base coincides with
the gravity center of the base. Instead, the shape of the convex
portion may be an oblique cone in which the foot of the
perpendicular drawn from the apex to the base does not coin-
cide with the gravity center of the base.

It 1s to be also understood that appropriate combinations of
the above-described examples as well as modifications and
alterations within the technical scope of the present invention
shall be encompassed by the spirit and scope of the present
invention as defined by the appended claims.

The present disclosure relates to subject matters contained
in Japanese Patent Application No. 2006-077081, filed on
Mar. 20, 2006, the disclosures of which 1s expressly imncorpo-
rated herein by reference 1n 1ts entirety.

What 1s claimed 1s:

1. An anti-retlection structure comprising:

convex portions arranged at a pitch shorter than a wave-
length of visible light, each of the convex portions hav-
ing a conic shape defined by an apex, a lateral surface,
and a base,

wherein assuming that a plane, which passes through the
apex and 1s perpendicular to the base, provides a coor-
dinate system in which an axis passing through the apex
and being perpendicular to the base 1s defined as a Z axis,
and in which an axis orthogonal to the Z axis at an
intersecting point between the 7 axis and the base 1s
defined as an X axis, an intersecting line between the
lateral surface and the plane passing through the apex
and being perpendicular to the base, 1s equivalent to a
curve expressed by:

X=(D/2)x{1-(Z/H)"),

in which H 1s a distance between the apex and the base, in
which D 1s a diameter of a circle which adopts a distance
between a point on the perimeter of the base and the Z
axis as a radius, and in which 1<n=3.

2. An anti-reflection structure comprising;:

convex portions arranged at a pitch shorter than a wave-
length of visible light, each of the convex portions hav-
ing a conic shape defined by an apex, a lateral surface,
and a base,
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wherein assuming that a plane, which passes through the
apex and 1s perpendicular to the base, provides a coor-
dinate system in which an axis passing through the apex
and being perpendicular to the base 1s defined as a Z axis,
and in which an axis orthogonal to the Z axis at an
intersecting point between the 7 axis and the base 1s
defined as an X axis, an intersecting line between the
lateral surface and the plane passing through the apex
and being perpendicular to the base, 1s equivalent to a
curve expressed by:

Z=H-{H/(D/2)"}xX",

in which H 1s a distance between the apex and the base, 1n
which D 1s a diameter of a circle which adopts a distance
between a point on the perimeter of the base and the Z
axis as a radius, and 1n which 1<n=3.

3. The anti-reflection structure according to claim 1,
wherein the distance H and the diameter D satisty relation-
ships expressed by: 50 nm<D<380 nm; and 1=H/D=3.

4. The anti-reflection structure according to claim 2,
wherein the distance H and the diameter D satisty relation-
ships expressed by: 50 nm<D<380 nm; and 1=H/D=3.

5. An anti-reflection mold body comprising;:

an anti-reflection structure provided at least on one of

surfaces of a base material,
wherein the anti-reflection structure comprises convex por-
tions arranged at a pitch shorter than a wavelength of
visible light, each of the convex portions having a conic
shape defined by an apex, a lateral surface, and a base,

wherein assuming that a plane, which passes through the
apex and 1s perpendicular to the base, provides a coor-
dinate system 1n which an axis passing through the apex
and being perpendicular to the base 1s defined as a Z axis,
and 1n which an axis orthogonal to the Z axis at an
intersecting point between the 7 axis and the base 1s
defined as an X axis, an intersecting line between the
lateral surface and the plane passing through the apex
and being perpendicular to the base, 1s equivalent to a
curve expressed by:

X=(D/2)x{1-(Z/H)"},

in which H 1s a distance between the apex and the base, 1n
which D 1s a diameter of a circle which adopts a distance
between a point on the perimeter of the base and the Z
axis as a radius, and 1n which 1<n=3.
6. The anti-reflection mold body according to claim 5,
wherein the base material 1s transparent.
7. The anti-reflection mold body according to claim 6,
turther comprising a multilayer anti-reflection film provided
on another surface of the base material.

8. An automobile component comprising;:

an anfi-reflection structure comprising convex portions
arranged at a pitch shorter than a wavelength of visible
light, each of the convex portions having a conic shape
defined by an apex, a lateral surface, and a base,

wherein assuming that a plane, which passes through the
apex and 1s perpendicular to the base, provides a coor-
dinate system in which an axis passing through the apex
and being perpendicular to the base 1s defined as a Z axis,
and 1n which an axis orthogonal to the Z axis at an
intersection point between the 7 axis and the base 1s
defined as an X axis, an intersecting line between the
lateral surface and the plane passing through the apex
and being perpendicular to the base, 1s equivalent to a
curve expressed by:

X=(D/2)x{1-(Z/H)™),
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10. A method of manufacturing an anti-retlection mold
body comprising;:

providing an inverse shape of an anti-reflection structure
on a surface of a die, wherein the anti-reflection structure
comprises convex portions arranged at a pitch shorter
than a wavelength of visible light, each of the convex
portions having a conic shape defined by an apex, a
lateral surface, and a base,

wherein assuming that a plane, which passes through the
apex and 1s perpendicular to the base, provides a coor-

in which H 1s a distance between the apex and the base, in
which D 1s a diameter of a circle which adopts a distance
between a point on the perimeter of the base and the Z
axis as a radius, and in which 1<n=3.
9. A method of manufacturing an anti-reflection moldbody 53
comprising;
providing an inverse shape of an anti-reflection structure
on a surface of adie, wherein the anti-reflection structure
comprises convex portions arranged at a pitch shorter
than a wavelength of visible light, each of the convex 10

portions having a conic shape defined by an apex, a
lateral surface, and a base, wherein assuming that a
plane, which passes through the apex and 1s perpendicu-
lar to the base, provides a coordinate system 1n which an

dinate system in which an axis passing through the apex
and being perpendicular to the base 1s defined as a Z axis,
and 1n which an axis orthogonal to the Z axis at an
intersecting point between the 7 axis and the base 1s

axis passing through the apex and being perpendicularto 15 defined as an X axis, an intersecting line between the
the base 1s defined as a Z axis, and in which an axis lateral surface and the plane passing through the apex
orthogonal to the Z axis at an intersecting point between and being perpendicular to the base, 1s equivalent to a
the Z axis and the base 1s defined as an X axis, an curve expressed by:
intersecting line between the laterali surface anfi the (D21 (ZEY™.
plane passing through the apex and being perpendicular 20 o _ _
to the base, is equivalent to a curve expressed by: in which H 1s a distance between the apex and the base, 1n
which D 1s a diameter of a circle which adopts a distance
X=(D/2)x{ 1-(Z/HY"), . .
between a point on the perimeter of the base and the Z
in which H 1s a distance between the apex and the base, in axis as a radius, and 1n which 1<n=3; and
which D 1s a diameter of a circle which adopts a distance ,;  1rradiating an active energy ray while interposing active

between a point on the perimeter of the base and the Z
axis as a radius, and 1n which 1<n=3; and

pressing the die against a base material while heating at

least any of the die and the base material.

energy ray setting resin between the die and a base
material.
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